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© Blood pressure monitoring methods and apparatus. 

© A biood pressure monitoring instrument monitors 
both systolic and diastolic blood pressures in a nor- 
mal mode of operation, but monitors only systolic 
blood pressure in a stat mode to provide a rapid 
indication of blood pressure, and to provide a series 
of biood pressure readings in rapid succession. A 
plethysmography signal can be used to detect re- 
turn to pulsatile flow as the cuff or occluding pres- 
sure decreases during stat mode operation. 
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BLOOD PRESSURE MONITORING METHODS AND APPARATUS 



The present invention relates to medical in- 
strumentation and particularly relates to blood pres- 
sure monitoring methods and apparatus. 

The blood pressure and pulse of a living sub- 
ject may be monitored during medical procedures 
such as surgical operations and the like. Conven- 
tional monitoring instruments includes means for 
automatically taking oscillometric blood pressure 
readings. Thus, the instrument typically includes a 
cuff, a gas pressure pump for inflating the cuff and 
a pressure sensor connected to the cuff. In use. the 
cuff is applied to a limb of the subject and auto- 
matically inflated and deflated so that the pressure 
within the cuff varies from above the systolic blood 
pressure to below the diastolic biood pressure. As 
the inflation pressure decreases to the systolic 
blood pressure, the fluid pressure signal provided 
by the sensor begins to oscillate. The apparatus 
includes means for detecting onset of these oscilla- 
tions In the fluid pressure signal and capturing the 
fluid pressure prevailing at the onset of such os- 
cillations as the systolic blood pressure of the 
subject. When the fluid pressure within the cuff 
declines further, to the subject's diastolic blood 
pressure, the magnitude of these oscillations de- 
creases markedly. In response to this further 
change, the apparatus captures the prevailing pres- 
sure within the cuff as the patient's diastolic blood 
pressure. Typically, these measurement cycles are 
repeated at predetermined intervals, as, for exam- 
ple, every few minutes. The apparatus also may be 
adapted to repeat the oscillometric biood pressure 
measurement cycle on demand, in response to a 
manual actuation. These systolic and diastolic 
blood pressures together provide the physician 
with the complete data needed for monitoring the 
patient's condition over the long term, and the 
oscillometric measurement method ordinarily pro- 
vides accurate values. 

However, the cuff must be deflated progres- 
sively, at a controlled slow rate during this oscil- 
lometric measurement cycle, and the complete 
measurement cycle required to determine both the 
systolic and diastolic pressures requires a consid- 
erable interval. The response time of the apparatus 
after manual actuation is at least equal to this 
interval. Also, the time between successive blood 
pressure measurements is at least equal to this 
interval. In an emergency, the physician may need 
an immediate blood pressure reading and/or a se- 
ries of blood pressure readings taken in rapid suc- 
cession. 

There have accordingly been unmet needs 
heretofore for biood pressure' monitoring apparatus 
and methods which can- provide an immediate in- 



dication of biood pressure when needed, and which 
can provide blood pressure readings in rapid suc- 
cession. There have been particular needs for ap- 
paratus and methods which can provide complete 

s blood pressure indications suitable for long-term 
patient monitoring, such as Indications of both the 
systolic and diastolic biood pressures, but which 
can also provide an indication of blood pressure 
immediately when needed. 

io The present invention addresses those needs. 
According to one aspect of the present inven- 
tion, apparatus for monitoring blood pressure in a 
subject is characterised by 

(a) pressure application means for applying 
15 an occluding pressure to a predetermined pressure 

application region of the body of said subject; 

(b) transducer means for generating one or 
more signals representative of blood flow through 
said pressure application region; 

20 (c) signal processor means for monitoring at 

least one of said one or more signals; 

(d) control means for automatically actuating 
said pressure application means, transducer means 
and^ signal processor means so as to determine 

25 only the systolic blood pressure of said subject. 

Preferred embodiments of apparatus according 
to this aspect of the invention can provide the 
complete, accurate biood pressure information 
needed for long term monitoring, and can also 

30 provide rapid blood pressure indications as needed ■ 
to monitor rapid changes in the subject's condition. 

Apparatus according to this aspect of the 
present invention preferably includes pressure ap- 
plication means, such as an inflatable cuff, for 

3S applying an occluding pressure to a pressure ap- 
plication region of the subject's body, typically the 
upper arm. Transducer means are provided for 
generating one or more signals representative of 
blood flow through that pressure application region. 

40 Signal processor means are provided for monitor- 
ing the signal or signals generated by the trans- 
ducer means. The apparatus preferably also in- 
cludes control means having a normal mode and a 
sfat mode, and manually actuable selection means 

45 for selecting the stat mode when required. In the 
normal mode, the control means is operative to 
actuate the pressure application means, transducer 
means and signal processor means so as to deter- 
mine both the systolic and diastolic pressures, in 

so the stat mode, the control means automatically 
actuates the pressure application means, trans- 
ducer means and signal processor means so as to 
determine only one of these biood pressures. Most 
preferably the systolic biood pressure is deter- 
mined repeatedly in the stat mode. 
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On each repetition of the systolic blood pres- 
sure measurement in the stat mode, the occluding 
pressure may be adjusted to a starting pressure 
differing from the systolic pressure and the oc- 
cluding pressure may then be varied until the sig- 
nals generated by the transducer means indicate a 
change in the blood flow, whereupon the prevailing 
occluding pressure can be captured and displayed 
as the systolic pressure. Most preferably, the start- 
ing pressure used on each systolic pressure deter- 
mination in the stat mode is lust slightly above the 
systolic pressure, so that blood flow is substantially 
occluded when the occluding pressure is at the 
starting point. The signal processor means may be 
arranged to detect a change in the signal from the 
transducer means which indicates resumption of 
blood flow and capture the occluding pressure pre- 
vailing at the time of such resumption as the 
systolic pressure. 

In the stat mode, the pressure need not vary at 
a progressive, limited rate over the entire range 
encompassing the systolic and diastolic pressure. 
Rather, the pressure need only vary progressively 
over the relatively narrow range from the starting 
pressure to the actual systolic pressure. Therefore, 
the instrument can provide systolic pressure read- 
ings In rapid succession. 

The pressure applying means preferably in- 
cludes a device such as a cuff having a distensible 
pressure applying member and means for provid- 
ing fluid under pressure within the distensible 
member. The transducer means may include a 
fluid pressure transducer connected to the disten- 
sible member, in the normal mode, the signal pro- 
cessing means may detect oscillations in the fluid 
pressure signal from this transducer to perform an 
oscillometry blood pressure determination. Prefer- 
ably, the transducer means also includes an addi- 
tional transducer for detecting changes in blood 
flow independently of the fluid pressure signal. 
Thus, the transducer means may include plethys- 
mograph means for providing a plethysmograph 
signal representing blood volume within an . ana- 
tomical feature of the subject, such as a fingertip, 
distal to the region engaged with the pressure 
applying means. Oscillations in the piethysmograph 
signal will indicate occurrence of pulsatile blood 
flow through the portion of the subject engaged by 
the pressure applying means. The signal process- 
ing means may be arranged to detect oscillations 
in the plethysmograph signal and capture the oc- 
cluding pressure of fluid pressure in the cuff pre- 
vailing upon commencement of these oscillations 
as .the systolic blood pressure, Because the stat 
mode systolic pressure determination does not de- 
pend upon sensing oscillations in the occluding 
pressure or cuff fluid pressure, the occluding pres- 
sure can be decreased rapidly without causing 



spurious signals. Thus, the system can provide a 
blood pressure reading promptly after it enters the 
stat mode. 

The plethysmograph means may include a 

s simple light source and photodetector assembly 
together with appropriate devices for amplifying the 
signal from the photodetector. The plethysmograph 
means may also serve as part of a pulse measur- 
ing system. Most preferably, the apparatus auto- 

ro matically adjusts the amplifier gain to provide an 
amplified signal of the desired ampllude and es- 
tablishes an average value for the pulse period and 
tests the amplified plethysmograph signal while 
monitoring the pulse during dwell periods between 

15 pressure measurements. The system may include 
safety features to prevent stat rode operation if a 
good plethysmograph signal cannot be obtained. 
Also, the average pulse period can be used as a 
standard to reject invalid plethysmograph signals in 

20 the stat mode. The control means and signal pro- 
cessor means may be provided as elements of a 
microprocessor or microcomputer, and the same 
microprocessor or microcomputer can be em- 
ployed to perform other machine operations as 

26 well. The same pressure application means as uti- 
lized for the normal mode determinations can be 
used for stat mode operation as well. Thus, the stat 
mode capability can be provided in the apparatus 
at only a minimal cost. Moreover, this added func* 

30 tion is achieved without adding yet another instru- 
ment to the operating room environment. 

According to a further aspect of the present 
invention, a method of monitoring biood pressure 
of a subject is characterised by the steps of: 

as (a) automatically monitoring both the systolic 

and diastolic blood pressures of said subject in a 
normal mode of operation: and 

(b) interrupting said normal mode of opera- 
tion in response to a manually applied actuation: 

40 and 

(c) automatically determining only the 
systolic blood pressure of said subject in a stat 
mode of operation when said normal mode of op- 
eration is interrupted in response to said manually 

45 applied actuation. 

In the preferred methods, both the systolic and 
diastolic pressures are monitored in a normal 
mode, whereas only the systolic pressure is mon- 
itored in the stat mode, using the same pressure 

so application means or cuff as employed for the 
normal mode monitoring step. Monitoring methods 
according to this aspect of the present invention 
provide benefits similar to those discussed above 
in connection with the apparatus. 

55 An embodiment of the invention will now be 
described, by way of example, reference being 
made to the Figures of the accompanying diagram- 
. matic drawings in which: 
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Figure 1 is a schematic perspective view of 
apparatus according to one embodiment of the 
present invention. 

Figure 2 is a schematic view, partially in 
block diagram form, of the apparatus shown in 
Figure 1 . 

Figures 3 and 4 are each simplified iogic 
diagrams illustrating steps in operation of the ap- 
paratus shown in Figs. 1 and 2. 

Apparatus according to one embodiment of the 
present invention includes a housing 10 with a 
systolic blood pressure display 12, mean blood 
pressure display 14, diastolic blood pressure dis- 
play 16 and pulse rate display 18 mounted to a 
front panel. These displays are all digital displays. 
A "stat" or immediate blood pressure reading but- 
ton 22 is also mounted on the front panel of hous- 
ing 10, along with other operating controls (not 
shown). 

The apparatus also includes a cuff 24 arranged 
for mounting on the arm of a human patient or 
subject P. Cuff 24 incorporates a distensible blad- 
der 26 connected via a supply tube 28 to a pump 
30 and vaive 32, and to a pressure transducer 34, 
Pump 30 and valve 32 are connected via conven- 
tional interfacing circuits 36 and 38 to the central 
microprocessor 40 of the apparatus. Pressure tran- 
sducer 34 is also connected via conventional inter- 
facing circuitry 46 to the master microprocessor 
40. Microprocessor 40 is arranged to perform both 
control and signal processing functions as de- 
scribed hereinbelow, and accordingly is shown as 
including a control portion 42 and a signal process- 
ing portion 44. As will be appreciated, this block 
functional depiction is merely for purposes of il- 
lustration. As Is conventional in microprocessor 
structures, many of the same components perform 
both control and signal processing operations at 
different times. 

Microprocessor 40 is linked to a momentary 
switch 48 which is mechanically connected to stat 
pressure reading button 22, and the microproces- 
sor 40 is also connected to each of the displays 
12,14, 16 and 18. 

The apparatus also includes a fingertip probe 
50 adapted to engage the tip of the subject's finger 
F on the same arm where the cuff 24 is mounted. 
Fingertip probe 50 includes an infrared light emit- 
ting diode 54, a red light emitting diode 52 and a 
photodetector 55. The light emitting diodes 52 and 
54, and the photodetector 55 are mounted within 
fingertip probe 50 so that the light emitted by 
diodes 52 and 54 passes along a predetermined 
light path and impinges upon detector 55. Probe 50 
also includes conventional devices 53 for holding 
the probe on the finger F without obstructing blood 
flow to the fingertip. 

Diodes 52 and 54 are linked via leads 56 and 



58 to conventional power supply circuits 62 and 64 
controlled by microprocessor 40. Leads 56 and 58 
are incorporated in a multi-lead cable 60 connect- 
ing fingertip probe 50 and housing 10. A further 

s lead 66 of cable 60 connects the photodetector 55 
of fingertip probe 50 to photodetector interface 68. 
The photodetector interface includes a low pass 
filter 70 connected directly to the output of the 
photodetector and a fixed-gain operational amplifier 

10 72 connected to the output of filter 70. The output 
of operational amplifier 72 is in turn connected 
through a band pass filter network 74 to the input 
of a further operational amplifier 76. Amplifier 76 
converts the single ended output of amplifier 72 

76 and filter 74 into a double-ended signal, and deliv- 
ers this double-ended signal to the input of an 
electrooptical isolation device 78. The outputs of 
isolation device 78 are connected to the inputs of a 
further fixed gain operational amplifier 80. The out- 

20 put of amplifier 80 is connected via a further high 
pass filter 82 to the input of an adjustable gain 
amplifier 84. The gain of amplifier 84 is controlled 
through a gain adjustment terminal 86 which is 
connected via a digital to analog converter 88, to 

25 an output of microprocessor 40. The signal output 
of amplifier 84 is connected, via an analog-to-digital 
converter 90, to an input of the microprocessor 40. 

In a monitoring method according to one em- 
bodiment of the invention, the cuff 24 is mounted 

30 to the upper arm of the subject or patient P, 
whereas the fingertip probe 50 is mounted to the 
patient's fingertip F. As shown in Figure 2, the 
patient's fingertip is disposed between the infrared 
light emitting diode 54 and photodetector 55, so 

35 that the patient's fingertip F occludes the light path 
between diode 54 and the photodetector. While the 
distensible bladder or member 26 of cuff 24 is in a 
deflated condition, the patient's normal pulse 
causes periodic expansion and contraction of the 

40 small arteries within fingertip F, Thus, the volume 
of arterial blood within fingertip F changes periodi- 
cally, Absorption of the infrared light impinging on 
photodetector 55, varies with the volume of arterial 
blood in fingertip F. Therefore, while the light emit- 

45 ting diodes 52 and 54 are continuously illuminated, 
the output of photodetector 55 will vary periodically 
In accordance with the periodic changes in the 
arterial blood volume of fingertip F induced by the 
pulse. The red light from diode 52 indicates that 

so the fingertip probe is operating, 

This periodically varying component, having 
the same fundamental frequency as the pulse rate 
of the subject (typically on the order of about 1- 
2Hz) passes through low pass filter 70 amplifier 72 

55 and band pass filter 74, which has a pass band 
from about 0.2Hz to about 5Hz. The filtered signal 
is converted to a voltage difference by amplifier 78, 
and passed to Isolator 78. The isolator is arranged 
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to' convert the voltage difference to light and then 
back to a further output voltage difference signal. 
Thus, the isolator 78 serves to pass the signal from 
the output of amplifier 76 to the input of amplifier 
80, without any direct electrical interconnection be- 
tween these two amplifiers. High pass filter 82 
removes DC or low frequency components which 
might be added to the signal by isolator 78. The 
filtered and amplified signal passing from amplifier 
80 via high pass filter 82 is further amplified in 
variable gain amplifier 84, and passes to the signal 
processing components of master microprocessor 
40 via analog to digital converter 90. 

The microprocessor 40 controls the operation 
of variable gain amplifier 84 so as to assure that 
the periodic or pulse wave signals passing into the 
microprocessor via converter 90 are within a pre- 
determined, relatively narrow range of amplitudes 
despite physiological variations and variations in 
the placement and/or response of the fingertip 
probe 50. Also, the microprocessor extracts pulse 
rate information from this periodic signal. The logic 
of the microprocessor operations for performing 
this function is schematically illustrated in Figure 3. 
At decision block 100, the microprocessor will exit 
from the pulse determination and gain control rou- 
tine if a blood pressure reading is required, if not, 
the microprocessor proceeds to sample the signal 
entering via analog to digital converter 90, repre- 
senting the output of photodetector 55. At this 
stage, the gain of amplifier 84 is atadefault value. 
As no blood pressure reading is being taken, dis- 
tensible member 26 of cuff 24 is deflected, and the 
artery A will be substantially unoccluded. There will 
be a good pulse at fingertip F, and hence the 
amplified photodetector output signal passing to 
microprocessor 40 from amplifier 84 via converter 
90 will have periodically varying values correspond- 
ing substantially to the pulse of the subject, with a 
maximum and minimum on each cardiac cycle of 
the subject. 

The microprocessor finds an oscillation with a 
relatively rapid rate of change or high first deriva- 
tive, and finds the minimum associated with this 
oscillation in the amplified photodetector signal, by 
checking the value of the signal at successive 
sampling intervals. When the value of the amplified 
photodetector output signal increases by more than 
a predetermined threshold amount between suc- 
cessive sampling intervals, the oscillation is recog- 
nized as valid and the value at the earlier one of 
these two successive sampling Intervals is taken as 
the minimal value associated with the oscillation. 
Thus, the difference between the value of the am- 
plified photodetector signal is taken as approximat- 
ing the first derivative' of the amplified photodetec- 
tor signal. Oscillations representing true pulse 
waveforms wili normally have a high first derivative. 



The system will not pass to the steps of identifying 
minimum or maximum values associated with an 
oscillation in the signal until it finds an oscillation 
with a first derivative meeting the required thresh- 

s old. Thus, the system will reject slow oscillations 
which result from factors other than pulses. 

If no such possibly valid oscillation occurs with- 
in a predetermined time period, the system passes 
directly to the increase gain subroutine discussed 

io below as indicated in broken lines. If the system 
finds a valid oscillation with the requisite first de- 
rivative and finds the minimum associated with that 
oscillation, the system proceeds to find the maxi- 
mum value associated with that oscillation. Thus, 

rs the microprocessor compares successive sampled 
values of the signal following the minimum. A value 
followed by a lower value is taken as the maximum 
value. The microprocessor compares the minimum 
and maximum values determined in this fashion 

20 and computes the difference between them. 

The difference between the minimum and 
maximum values of the amplified photodetector 
output signal represents the amplitude of the os- 
cillation. If this amplitude is below a predetermined 

25 minimum, the microprocessor transfers to the in- 
crease gain subroutine. Thus, the increase gain 
subroutine is called either if the microprocessor 
does not detect any oscillation with the threshold 
first derivative, and hence does not find a minimum 

30 value, or if the microprocessor finds both minimum 
and maximum values but the amplitude of the 
oscillation is below the desired aptitude, 

In the increase gain subroutine, the micropro- 
cessor sends a signal via digital to analog con- 

35 verier 88 to the control input 86 of variable gain 
amplifier 84 (Fig. 2) to raise the gain of the am- 
plifier. The microprocessor then tests to see wheth- 
er the gain of this amplifier is at a preestablished 
maximum value. If so, the system sets a signal 

40 error flag indicating that even with maximum gain 
in the amplification system, the photodetector and 
associated electronic components will not produce 
the desired periodically varying signal. Such a con- 
dition may occur for example, if the fingertip probe 

45 50 (Figs. 1 and 2) is disconnected, or if the finger- 
tip probe is mounted improperly, so that the finger- 
tip is misaligned with the photodetector. However, 
if- the gain is not at the preestablished maximum, 
the system returns to its starting condition without 

so setting the error flag. In either case, the system 
repeats the foregoing sequence of operations. 

If the difference between the minimum and 
maximum values exceeds the preestabiished mini- 
mum, the microprocessor does not enter the in- 

55 crease gain subroutine but instead proceeds to test 
the difference or amplitude against a preestablish- 
ed maximum. If the difference exceeds the 
preestablished maximum, the microprocessor 



EP 0 298 620 A1 



10 



passes to a decrease gain subroutine, and signals 
the amplifier 84, via digital to analog converter 88 
and control input 86 to decrease the gain, The 
system then tests the gain to see if the gain has 
been reduced to a preestabiished minimum. If so, 
the system sets the signal error flag, indicating that 
the amplified fingertip probe signal has an am- 
plitude greater than the maximum allowable am- 
plitude even with the gain in the system set to the 
minimum. Such a condition may occur if the 
photodetector probe signal is subject to spurious 
variations due to electromagnetic interference, 
movement of the fingertip probe with respect to the 
patient's fingertip or the like. Again, whether or not 
the system sets a signal error flag, it will return to 
the starting point of this sequence of operations 
and repeat the sequence again. 

If the amplitude of the oscillation in the am- 
plified photodetector signai is in the desired range, 
between the predetermined minimum and maxi- 
mum vaiues, the microprocessor will pass to the 
pulse rate determination step, and determine the 
pulse rate by the time elapsed between one maxi- 
mum in the amplified photodetector output signal 
and the next succeeding maximum. This period 
corresponds to the period of the patient's pulse. 
The system computes an average of the period for 
the iast few oscillations. By comparing each newly 
found period to this average, the system deter- 
mines whether the newly found period corresponds 
to the average within a predetermined tolerance, 
typicaliy plus or minus 18% of the average, if it 
does not, the system rejects the last oscillation as 
a spurious, non-periodic signal, sets the signal er- 
ror flag returns and again to the starting point 
without returning a pulse rate value, as indicated in 
broken lines in Figure 3, If the period of the last 
oscillation does correspond with the average, then 
the system treats the period between the last os- 
cillation and the preceding oscillation as a valid 
pulse period and includes this last period in the 
average. 

When valid periods are detected in this fash- 
ion, the system sets a signal OK flag and clears 
any signal error flag to indicate that the fingertip 
probe 50 and associate circuitry are functioning 
properly. In this "signal OK" condition, the micro- 
processor computes values for the average am- 
plitude and threshold (first derivative) of the oscilla- 
tions in the amplified photodetector signal repre- 
senting valid pulses. In this condition, with the 
"signal OK" flag set, the microprocessor will com- 
pute the pulse rate and display the pulse rate on 
display 18. By contrast, in the "signal error" con- 
dition with the "signal error" flag set and the 
"signal OK" flag not set, the microprocessor shows 
a warning symbol (such as a series of dashes) ors 
the pulse rate display 18. The system returns to 



the start of this pulse detection routine and continu- 
ously repeats the sequence provided that no blood 
pressure reading is required at the time. The 
microprocessor thus continually updates both the 

5 pulse data and the condition of the photodetector 
signal (OK or error). 

In the normal operation mode, the apparatus 
takes oscillometric blood pressure readings at pre- 
determined intervals as timed by microprocessor 

jo 40. The apparatus may be provided with controls 
(not shown) for adjusting the length of these inter- 
vals. When such an interval has elapsed, and a 
new reading is required, microprocessor 40 com- 
mands valve 32 to close and commands pump 30 

is to pump air into the distensible member 26 of the 
cuff. During this cycle, the system will pump air 
into distensible member 26 until the pressure 
reaches a starting value which should be sufficient 
to substantially occlude artery A and block blood 

20 flow through this artery, if a systolic pressure read- 
ing has been taken within the last few minutes, the 
system will use this last systolic pressure, plus a 
predetermined margin, as the starting value. If no 
systolic pressure has been determined, the system 

25 will employ a default value greater than typical 
normal systolic pressures, and most preferably 
about 170 mm Hg, as the starting value. Once the 
system reaches the starting value, the pump is 
shut off and the system monitors the signal from 

30 pressure transducer 34 to determine the magnitude 
of oscillations in this signal. 

The system periodically opens valve 32 so as 
to bleed air from distensible member 26 and de- 
crease the occluding pressure applied to the sub- 

35 ject's arm stepwise. After each such stepwise de- 
crease, the system determines the magnitude of 
oscillations in the signal from pressure transducer 
34. When the pressure in distensible member 26, 
and hence the occluding pressure applied to the 

40 subject's arm, is equal to the subject's systolic 
blood pressure, pulsatile flow through artery A will 
commence once again. This pulsatile flow will 
cause pulsations in the air within distensible mem- 
ber 26 and hence will cause a substantial increase 

45 in the amplitude of oscillations in the signal from 
pressure transducer 34. The microprocessor cap- 
tures the pressure prevailing at this increase in 
magnitude of the oscillations as the patient's 
systolic blood pressure, and shows the systolic 

so blood pressure on systolic blood pressure display 
12. 

■ if the amplitude of the oscillations in the signal 
from pressure transducer 34 does not increase 
appreciably after several stepwise decreases in the 
55 pressure within member 26, the microprocessor 
takes this as a signal that the starting pressure was 
insufficient to occlude artery A. The microproces- 
sor actuates pump 30 and valve 32 to increase the 
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pressure within distensible member 26 once again 
to a new starting value, about 60 mm Hg higher 
than the prior starting vaiue. The system repeats 
the cycle of stepwise deflation and testing for an 
increase in amplitude of oscillations in the cuff 
pressure signal, until the systolic pressure is found. 
If no systolic pressure is found after several defla- 
tion steps, the starting pressure is increased once 
again. If a fault in the system prevents detection of 
the systolic pressure the pump 30 could continually 
inflate the distensible member 26 to progressively 
higher starting pressures. An overpressure safety 
switch {not shown) in communication with member 
26 wilt shut the system off and release the pres- 
sure within member 26 if the pressure exceeds a 
predetermined maximum value. 

After the systolic pressure has been found, the 
microprocessor continues actuation of valve 32 to 
continue bleeding air from the distensible member. 
When the occluding pressure reaches. the patient's 
diastolic blood pressure, the magnitude of the os- 
cillations in the signal from transducer 34 de- 
creases markedly. The occluding pressure prevail- 
ing in the distensible member of the cuff at this 
time is captured by the microprocessor as the 
subject's diastolic blood pressure and shown on 
diastolic biood pressure display 16. The micropro- 
cessor also computes the subject's mean blood 
pressure and shows the same on mean pressure 
display 14. The microprocessor also compares the 
systolic, diastolic and mean pressure values with 
appropriate limits set by the operator through limit 
adjustment controls (not shown) and actuates an 
alarm if the actual pressures deviate from the set 
limits. 

In normal operation, this cycle of operations is 
repeated periodically, so as to repeat the oscil- 
lometry blood pressure determination at the re- 
quired intervals. The figures shown in the blood 
pressure displays are updated on each repetition. 
During the intervals between oscitlometric blood 
pressure determinations in normal mode operation, 
valve 32 is open and the air is released from 
distensible member 26, so as to release the oc- 
cluding pressure on the subject's upper arm. Dur- 
ing these intervals, the pulse rate determination 
cycle discussed above is repeated. The system 
may also be provided with controls {not shown) for 
selecting a "hold" mode, in which the oscillometric 
pressure determinations are not repeated. In the 
hold mode, the last measured values would be 
continually displayed. Also, the system may be 
provided with controls to allow She operator to 
override the automatic cycle and control the oc- 
cluding pressure directly.. In this manual mode, the 
system operates as a manual sphygomanometer. 
Ordinarily, the physician would use this capability 
to perform a manual blood pressure determination, 



and would use an instrument such as a stetho- 
scope for monitoring the flow through artery A. 

When immediate blood pressure information is 
required, the operator need only touch the "stat" 

5 button- 22 (Figs. 1 and 2), thereby actuating mo- 
mentary switch 48, In response to actuation of the 
momentary switch, microprocessor 40 enters the 
stat routine depicted in Fig. 4. This routine uses the 
plethysmography signal from fingertip probe 50 

ro and the associated circuitry to detect puisatile flow. 
Because the fingertip F monitored by probe 50 is 
distal to the upper arm engaged by cuff 24, the 
fingertip is supplied with blood through that region 
of artery A occluded by the occluding pressure in 

?5 the distensible member 26 of the cuff. Therefore, 
when artery A is fully occluded by the pressure 
applied through the cuff, there will be no pulse at 
fingertip F, and the periodic component of the 
signal from the photodetector will disappear. When 

20 the occlusion is released, and the occluding pres- 
sure falls to the patient's systolic pressure, the 
pulse will return at fingertip F and the periodic 
variation in the plethysmography signal will re- 
sume. 

25 As the first step in the stat cycle, the system 
tests the plethysmography signal by checking the 
"signal OK" and "signal error" flags set during the 
pulse monitoring routine. If the signal OK flag is not 
set and the signal error flag is set, these indicate 

so that the plethysmography signal is unreliable and 
cannot be used to detect' the pulse, Rather than 
attempting to execute the remain der of the stat 
cycle, the system will automatically take an oscil- 
lametric blood pressure reading which, as dis- 

35 cussed above, does not utilize the plethysmog- 
raphy signal to determine pressure. This provides 
a significant "fail safe" protection for the patient. 

If the signal OK flag is set, and the signal error 
flag is not set, then the plethysmography signal is 

40 reliable, and the microprocessor proceeds to the 
remainder of the stat cycle. During this cycle, the 
gain applied in amplifying the plethysmography 
signal from photodetector 55 is fixed at the vaiue 
established during the pulse-detection operations 

45 discussed above. 

The microprocessor begins timing a predeter- 
mined stat cycle interval, actuates valve 32 (Fig. 2) 
to close and actuates pump 30 to inflate the disten- 
sible member 26 in cuff 24 to a starting occluding 

so pressure. The starting pressure wilt be approxi- 
mately 25-30 mm Hg above the last measured 
systolic pressure, or will be the default value if no 
systolic pressure has been determined within the 
last few minutes, 

55 After the occluding pressure reaches the start- 
ing pressure, the system tests the plethysmog- 
raphy signal {the amplified signal from photodetec- 
tor 55) to determine whether or not a pulse is 
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present at fingertip F, The system checks for an 
oscillation with the high first derivative characteris- 
tic of a true puise waveform. Thus, the micropro- 
cessor samples the amplified photodetector signal 
periodically and tests for successive samples dif- 
fering from one another by at least the threshold 
value established during the puise detection rou- 
tine. If no such pair of successive sampled values 
is found within a predetermined time, then there is 
no pulse, if there is such a pair of successive 
sampled values, the micro processor treats that set 
of successive values as indicating the minimum of 
the oscillation and proceeds to check for the maxi- 
mum value of the amplified photodetector signal. 
The microprocessor then subtracts the minimum 
value from the maximum value to determine the 
amplitude of the pulse. Only if the pulse exceeds 
the minimum amplitude likewise established during 
the pulse monitoring routine does the system re- 
gard a variation in the amplified photodetector out- 
put signal as showing a true puise. As will be 
appreciated, the gain setting features of the pulse 
monitoring routine are not employed during this 
routine. The gain of amplifier 84 is fixed during the 
entire stat cycle. 

if the system finds a valid pulse in this fashion, 
it will actuate pump 30 to increase the occluding 
pressure within distensible member 26 by a pre- 
determined amount and then repeat the signal 
monitoring sequence. Thus, if the initial or starting 
pressure 160 is less than the systolic pressure 
prevailing at the time, the system will detect pulses 
at fingertip F and will increase the occluding pres- 
sure until the pulses disappear and a predeter- 
mined time elapses without the occurrence of a 
further valid puise. 

After a predetermined time elapses without oc- 
currence of a valid pulse, as indicated by the 
photodetector or plethysmography signal, micro- 
processor 40 starts a deflation routine, In the defla- 
tion routine, the microprocessor opens and closes 
valve 32 at a rapid rate, and checks the occluding 
pressure level or level of fluid pressure in disten- 
sible member 26 by monitoring the signal from 
pressure transducer 34. The microprocessor moni- 
tors the rate of deflation or rate of pressure de- 
crease and adjusts the duty cycle or percentage of 
time valve 32 is open to keep the average deflation 
rate in a predetermined range, preferably at least 
about 3mm Hg/sec. and most preferably between 
about 3 and about 6mm Hg/sec, so that the cuff 
deflates rapidly. 

While the cuff deflates, the microprocessor 
continues to monitor the signal from the 
photodetector. In this pulse detection routine as 
well, the system uses the same criteria to detect 
variations in the plethysmographic or photodetector 
signal which may indicate a valid pulse, viz, a 



minimum rate of change or difference between 
successive samples, and a pulse amplitude or dif- 
ference between minimum and maximum values 
corresponding, within a predetermined tolerance, to 

s the average pulse amplitude set in the pulse moni- 
toring routine. When a single seemingly valid puise 
signal meeting these criteria is detected, the micro- 
processor temporarily captures the then prevailing 
value of the occluding pressure, as monitored by 

io transducer 34, as a possible value of the subject's 
systolic pressure. 

However, this value is not treated as a valid 
systolic pressure value until another seemingly val- 
id puise has aiso been detected. The period be- 

js tween these two successive seemingly valid pulses 
is compared with the average pulse period estab- 
lished during the pulse monitoring routine. If the 
period between pulses matches the average pulse 
period within a predetermined tolerance, typically 

so plus or minus 18 percent, then the two successive 
seemingly valid pulse signals are treated as repre- 
senting true pulses. The possible systolic pressure 
value captured on the occurrence of the first appar- 
ent pulse signal is finally captured as a value of the 

as patient's systolic pressure and shown on the 
systolic pressure display 12. If the sequence of two 
apparently valid pulse signals, with the appropriate 
period between pulse signals, does not occur, the 
microprocessor disregards the temporarily cap- 

30 tured value and continues to monitor the plethys- 
mographic or photodetector signal while the cuff 
continues to deflate. 

As soon as a valid systolic pressure value has 
been captured, the system checks the timer started 

35 at the beginning of the stat routine. If the predeter- 
mined stat cycle Interval has not elapsed, the 
microprocessor immediately terminates the defla- 
tion cycle and relnfiates the distensible member of 
the cuff to a new starting pressure higher than the 

40 captured systolic pressure by a predetermined 
amount typically about 25-30 mm Hg. The systolic 
pressure determination is repeated once again. 
Again, the microprocessor will test the plethysmog- 
raphic signal for possibly valid pulse signals and, if 

45 none are observed, will start the deflation cycle. 
During this repeated deflation cycle, the micropro- 
cessor again tests the plethysmographic signal to 
detect variations which apparently indicate a valid 
pulse at fingertip F. Once a sequence of two appar- 

so ent pulse signals is detected again, a new value of 
the systolic pressure will be captured again as 
described above and the displayed systolic pres- 
sure will be updated to reflect the new value. This 
cycle of operations will be repeated again and 

55 again until the stat cycle interval elapses, where- 
upon the system will return to normal mode opera- 
tion. Upon the initial return to normal mode, the 
cuff is deflated to restore circulation through the 
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arm bearing cuff 24, and then the cycle of oscil- 
lametrsc blood pressure readings at normal inter- 
vals, and pulse rate monitoring is resumed. 

During the stal cycle interval, the system will 
provide repeated systolic pressure readings in rap- 
id succession, typically about one reading every 15 
seconds. Because the occluding pressure need 
only be cycled in a relatively narrow range from 
just above the prevailing systolic pressure to just 
below the systolic pressure, the relatively long in- 
terval required for gradual reduction of the pressure 
over the entire blood pressure range, encompass- 
ing both the systolic and diastolic pressures, is 
eliminated, Also, because the pulse is detected by 
the fingertip probe, independently of any oscilla- 
tions in the pressure transducer signal, the defla- 
tion or reduction in occluding pressure can proceed 
at a rapid rate. Thus, there is no need to stop the 
deflation cycle and check for oscillations in the 
pressure transducer signal. When this stat cycle 
Interval has elapsed, the microprocessor returns to 
normal mode operation. Upon the initial return to 
normal mode, the cuff is deflated to restore circula- 
tion through the arm bearing cuff 24, and then the 
cycle of oscillometry blood pressure readings at 
normal Intervals, and pulse rate monitoring is re- 
sumed. 

Numerous variations and combinations of the 
features described above can be utilized without 
departing from the present invention. Thus, the 
ptethysmographic fingertip probe used to detect 
pulse rate and to detect pulse during the stat cycle 
could be replaced by a different form of transducer 
such as an electronic stethoscope or the like. In a 
distinctly less preferred variant, osciliometrlc moni- 
toring could be employed in the stat cycle as well 
as in the normal cycle. In this variant, the occluding 
pressure within member 26 of the cuff could be 
decreased stepwise from the starting point in mea- 
suring the systolic pressure. An increase in am- 
plitude of oscillations In the signal from transducer 
34 would signal resumption of flow through artery 
A. This variant is less preferred inasmuch as it 
would require that the system stop the deflation or 
pressure decrease cycle on each step for a pre- 
determined time and then wait to detect the mag- 
nitude of oscillations in the pressure transducer 
signal. 

In a further variant, the normal mode pressure 
determinations can be omitted. Thus, the apparatus 
and methods described above can provide systolic 
pressure determination only, without any normal 
mode systolic and diastolic pressure monitoring 
cycle. In this variant, the systolic pressure may be 
repeatedly determined during pressure monitoring 
intervals by the same technique as described 
above for stat mode operation. The cuff may re- 
main deflated between pressure monitoring inter- 



vals, and the gain of the plethysmograph signal 
amplifier can be adjusted as described above while 
the cuff is deflated. Each pressure monitoring inter- 
val may be initiated manually or in response to a 

5 timer of other controlling device. 

As these and other variations and combinations 
of the features described can be utilized without 
departing from the present invention as defined in 
the claims, the foregoing description of the pre- 

io ferred embodiments should be taken by way of 
illustration rather than by way of limitation of the 
present invention. 



75 Claims 

1 . Apparatus for monitoring blood pressure in a 
subject characterised b_£: 

(a) pressure application means 24, 26 for 
so applying an occluding pressure to a predetermined 

pressure application region of the body of said 
subject; 

(b) transducer means 34, 50 for generating 
one or more signals representative of blood flow 

25 through said pressure application region; 

(c) signal processor means 44 for monitoring 
at least one of said one or more signals; and 

(d) control means 42 having a stat mode for 
automatically actuating said pressure application 

30 means 24, 26. transducer means 34, 50 and signal 
processor means 44 so as to determine only the 
systolic blood pressure of said subject, 

2. Apparatus as claimed in claim 1. charac- 
terised in that: 

35 said control means 42 has a normal mode .and 

a stat mode, said control means 42 being operative 
' in said normal mode to actuate sad pressure ap- 
plication means 24, 26, transducer means 44 and 
signal processor means so as to determine both 

40 the systolic and diastolic blood pressures of said 
subject, said control means 42 being operative in 
said stat mode to automatically actuate said pres- 
sure application means 24, 26, transducer means 
34 and signal processor means 44 so as to deter- 

46 mine only one of said blood pressures of said 
subject; and 

selector means 22 for selecting said stat mode 
upon manual actuation. 

3. Apparatus as claimed in Claim 2, charac- 
50 terised in that said control means 40 is operative in 

said stat mode to actuate said pressure application 
means 24, 26, transducer means 34 and signal 
processor means 44 so as to determine only the 
systolic blood pressure of said subject, 
ss 4. Apparatus as claimed in Claim 1 , 2 or 3 
characterised in that said control means 42 is oper- 
ative in said stat mode to actuate said pressure 
application means 24, 26 so that said occluding 
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pressure decreases progressively from above the 
systolic blood pressure of said subject, whereby- 
said blood flow through said portion of the sub- 
ject's body will be interrupted while said occluding 
pressure is above said systolic pressure, and 
wherein said signal processor means 44 includes 
means for capturing the occluding pressure prevail- 
ing when said one or more signal indicates that 
said blood flow has resumed. 

5. Apparatus as claimed in Claim 4, charac- 
terised in that said control means 40 Includes 
means for actuating said pressure application 
means to increase said occluding pressure for a 
further repetition of said systolic pressure deter- 
mination in response to capture of said occluding 
pressure as said systolic pressure. 

6. Apparatus as claimed in any one of Claims 1 
t0 5 ' characterised in that said transducer means 
34 includes pressure transducer means 34 for pro- 
viding an occluding pressure signal representative 
of said occluding pressure applied b said pressure 
application means 24, 26 and independent trans- 
ducer means 50 for providing a signal indicating 
blood flow through said pressure application region 
independently of said occluding pressure signal. 

7. Apparatus as claimed in Claim 6, charac-; 
terised in that said independent transducer means 
includesmeans 50 for monitoring a distal region of 
said subject's body distal to said pressure applica- 
tion region. 

8. Apparatus as claimed in Claim 7, charac- 
terised in that said Independent transducer means 
includes plethysmograph means 54, 55 for provid- 
ing a plethysmograph signal representing the blood 
volume of said distal region of said subject where- 
by oscillations in said plethysmograph signal will 
indicate occurrence of pulsatile blood flow through 
said pressure application region of said subject, 
and said means for capturing includes means for 
detecting oscillations in said plethysmograph signal 
during said progressive decrease in said occluding 
pressure and means for capturing the occluding 
pressure prevailing upon commencement of said 
oscillations and providing the captured pressure as 
said systolic blood pressure. 

9. Apparatus as claimed in Claim 8, charac- 
terised in that said plethysmograph means includes 
a light source 54, a photodetector 55, and means 
53 for fastening said fight source 54 and said 
photodetector 55 to an extremity of said subject 

10. Apparatus as claimed in Claim 9, char a c- 
terised bj/ amplifier means 72 for amplifying said 
plethysmograph signal to provide an amplified 
plethysmograph signal, and gain adjust means for 
detecting the amplitude of oscillations in said 
plethysmograph signal and automatically adjusting 
the gain of said amplifier means to provide an 
amplified plethysmograph signal having oscillations 



within, a predetermined range of amplitudes while 
said occluding pressure is not applied, so that each 
pulse of said subject will result in an oscillation of 
said amplified plethysmograph signal within said 
s predetermined range. 

11. Apparatus as claimed in Claim 10 charac- 
terised bj£ period determination means for deter- 
mining the periods between successive oscillations 
in said amplified plethysmograph signal within said 

io predetermined range of amplitudes while said oc- 
cluding pressure is not applied. 

12. Apparatus as claimed in Claim 11 charac- 
terised by_ means for limiting the range of adjust- 
ment of said gain of said amplifier means, and 

1$ means for providing an error signal if adjustment of 
said gain within said range does not provide said 
oscillations in said amplified plethysmograph signal 
within said predetermined range of amplitudes 
while said occiuding pressure is not applied. 

20 13. Apparatus as claimed in Claim 12 charac- 
terised in that said means for providing an error 
signal includes said period determination means, 
means for computing the average of said periods 
and means for providing said error signal If the last 

25 detected period does not match said average with- 
in a predetermined tolerance. ■ 

H. Apparatus as claimed in Claim 13 charac- 
terised in that said means for capturing the oc- 
cluding pressure during stat mode operation in- 

30 eludes means for temporarily capturing the oc- 
cluding pressure prevailing upon the first oscillation 
within said predetermined range of amplitude dur- 
ing said progressive decrease in said occluding 
pressure, means for detecting the second oscilla- 

35 Hon within said range of amplitudes during said 
progressive decrease In said occluding pressure, 
means for computing the period between said first 
and second oscillations and means for rejecting 
said temporarily captured 'occluding pressure if 

40 said computed period does not match said average 
of said periods within said predetermined toler- 
ance. 

15. Apparatus as claimed in any one of claims 
2 to 14 characterised in that said selection means 

45 22 includes means for maintaining said control 
means in said normal mode absent manual ac- 
tuation, and means for automatically returning said 
control means to said normal mode from said stat 
mode after a predetermined interval of stat mode 

so operation. 

16. Apparatus as claimed in any one of Claim 1 
to 15 characterised in that said pressure application 
means includes a distensible member 25, means 
for holding said distensible member against said 

55 pressure application portion of said subject and 
means for retaining a fluid under pressure in said 
distensible member. 
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17. Apparatus as claimed in any one of claims 
1 t0 18 characterised in that said transducer means 
includes means 34 for monitoring the pressure of 
said fluid and generating a fluid pressure signal 
representative of said fluid pressure, said control 
means being operative in said normal mode to 
decrease said fluid pressure progressively through 
a normal mode range encompassing the systolic 
and diastolic blood pressures of said subject, 
whereby oscillations in said fluid pressure will in- 
dicate pulsatile blood flow in said portion of said 
subject, said signal processing means including 
means for detecting oscillations in said fluid pres- 
sure signal during normal mode operation. 

18. A method of monitoring blood pressure of a 
subject characterised by the steps of: 

(a) automatically monitoring both the systolic 
and diastolic blood pressures of said subject in a 
normal mode of operation; and 

{b) interrupting said normal mode of opera- 
tion in response to a manually applied actuation, 
and 

(c) automatically determining only the 
systolic blood pressure of said subject in a stat 
mode of operation when said normal mode of op- 
eration is interrupted in response to said manually 
applied actuation. 

19. A method as claimed in Claim 18, charac - 
terised in that said systolic blood pressure is deter- 
mined In" said stat mode by automatically applying 
an occluding pressure to a pressure application 
region of the body of said subject and auto- 
matically decreasing said occluding pressure from 
above said systolic pressure while detecting the 
presence or absence of a pulse in a region of said 
subject's body distal to said pressure application 
region. 

20. A method as claimed in Claim 19, charac- 
terised In that said step of detecting the presence 
of absence of a pulse in said distal region includes 
the steps of generating a plethysmography signal 
representing the volume of said distal region and 
detecting the presence or absence of oscillations in 
said plethysmography signal while said occluding 
pressure is decreased in said stat mode. 

21. A method as claimed in Claim 20, charac- 
terised in that the steps of amplifying said plethys- 
mography signal and adjusting the gain applied in 
said amplification step white said occluding pres- 
ence is not applied so as to provide oscillations In 
said amplified plethysmography signal within a 
predetermined range of magnitude, said step of 
detecting the presence or absence of osciilations in 
said plethysmography signal including the step of 
detecting oscillations in said amplified plethysmog- 
raphy signal within said predetermined range of 
magnitudes, and rejecting oscillations in said am- 



plified plethysmography signal outside of said pre- 
determined range of magnitudes while said oc- 
cluding pressure is decreased in said stat mode. 

22. A method as claimed in Claim 21. charac- 
5 terised by the steps of determining the average 

period of oscillations in said amplified plethysmog- 
raphy signal while said occluding pressure is not 
applied, said step of detecting oscillations in said 
amplified plethysmography signal including the 
jo step of rejecting oscillations in said amplified 
plethysmography signal which do not conform to 
said average period within a predetermined toler- 
ance. 

23. A method of repetitively determining the 
/s systoiic blood pressure of a subject characterised 

by_ the steps of applying an occluding pressure to a 
pressure application region of the body of said 
subject, automatically decreasing said occluding 
pressure from above said systoiic pressure while 

20 detecting the presence or absence of a pulse in a 
distal region of said subject's body distal to said 
pressure application region, whereby said pulse will 
be interrupted while said occluding pressure is 
above said systolic pressure, capturing the oc- 

26 eluding pressure prevailing when said pulse in said 
distal region resumes, providing said captured oc- 
cluding pressure as said sys- tolic pressure, auto- 
matically increasing said occluding pressure to 
above said systolic pressure in response to said 

30 resumption of said pulse, and then repeating the 
foregoing steps. 

24. A method as claimed in Claim 23, charac- 
terised in that said step of decreasing said oc- 
cluding pressure includes the step of decreasing 

35 said occluding pressure at an average rate of at 
least about 3mm Hg/sec. 
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